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THE VISCOSITY OF METHANE-NITROGEN AND METHANE-NITROGEI 
HYDROGEN MIXTURES AT TEMPERATURES FROM 273 TO 4730K 

AND PRESSURES TO A-90.3-105 N/m2 

N. Ye. Gnezdilov and 1. F. Golubev 

Mixtures containing methane, nitrogenj and hydrogen are frequently 

encountered in the industrial practice of the gas and chemical indus- 

try, for example in the processes of conversion of methane, synthesis 

of arrcnonia, and others. 

For the hyorodynamic and thermal caiculatiois of these processes 

it is required to know the viscosity coefficients of mixtures contain- 

ing the indicated components at various temperatures and pressures. 

At the present time data are available un the viscosity of mixtures 

containing methane, nitrogen, and hydrogen which were obtained earlier 

[i] for one binary mixture with ci.e composition 80!* C'lij, + 20% N„ at 

temperatures of 293, 3^3-6, and 373-2uK ■ nd pressures from 0..1013 to 
30. !lJ mN/m' and for three tenuiry mixtures with the composition 

37.'■;'./.: CH,. + J6.80c; ll, + 45.3^ :J.; at temperatures from ^c)^.^   to 
M ^ t. -, 

37J.-:)-'i\  and  pressures   from  0.1013  to   30.31'  mM/m" ;   ttu:1   composition 

19.8^  CH,    +   2^.1%  H.,   +   'J'J.'JX  iJ ,   at   tempera^    -es   from   ;JB5.7   to   3/3.'^'K 
M C (1 

and  pressures   from  0.1013  to   30.39  mN/m. ;   ana  the  composition   Vl% 
c 

CH,,   +   62.5?   H-,   +   .''0.5?  I'J ,   at   temperatures   from  293  to   'r/j"K   and  pres- 

sures   from   0.1013   to   8l.0'!   mN/m   . 

Using   the    ■aplllary method  on  the  previously   described   installation 

i.i  we   continued  and expanded  the  measurements   of  the   viscidity   of 

.Ixtures   containing   these   components.      de   determined   th.;   viscr..-'lty   of 

:• :'b-['rr-."i-i',8:,-7i L 
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two binary mixtures  with  Lhe   compDslticn  27.'ö%  C'H^,   t-   Js.dl N^  and 

55.1?  CHÜ   +   t\!-i.9%   N.,   at   temperatures,   from  273  to   '»TS'K  and  pressu:--3 

tc   iIQ.i')3 mN/n."   and  two  ternary  mixtures   wltn  the   com:: ^f: I tic:   ?l.^p 

Ch,,   +   'Ct.'"*  H.,   H   2Ci.---%     Ä     and   .18.^   CH^   +   49.8;r   H2   +    iJ . 42   -A^   'i.r. 

temperatures   ]-'-•.■  .-■? .   ^   473'K ana nT'c-ssures   to   '^J.C'i mN/'n~.     The 

requite   c;'  t:-;'-  raeaourrimentd   are  given   in  Table.-   1-''-!. 

Table   .1.     Viscosity   (1U~:   N-^-m  '}      lat-e  2.     Viscosity   KI'J 
f.- tue  mixture:     2V.ö2  CH,   + i'c-r  t.ne mUüure;     55.1;» 

rn-^) 

273,15   298,tS32J,li I 373,14 I 4:3.15 | 473, j 

u Ulli 

1 

1405 ' 

I 

r,.931 

i 

18^3 ' 

1 
i 

1989 
9.807 — Ul'.i t50,.) 1070 — 

1U.CÜ 13« 1430 - 1GM . 1850   i 2007   ' 
49/t3 1417 1493 1507 1723   ; 1S-S2 21'39   i 
.'.9.03 1394 ... —    ' — ...     | 
yS.U? 1561 UiOO 1!)C.5 1801 ms ! 2086 
98.07 — If 2 t ItiSl' — _     1 

US,'! 178'. 1778 loOa 1901 ; 2028  I £149  1 
19R.0 2012 rJ94 190S 2021 i 2111 2221 
19G.0 2051 — —. -  1 — 
2462 22GS 2190 213(; 2155 1 2216 2312 
2;i.2 2282 — 214" ._ ... 
2M.2 253? 2387 2319 2."'i • 2:^0 2390 
a «.2 2709 2695 2492 241'. , 2i.i-; :: '.80 
a4:i.2 2750 ._ — 2;2fi I 
392.3 2903 278o 26G0 2.36^ : 2546 2o7ii 
441.3 31fi'i 295fi if 19 2C.SJ 2t:'.9 2oe3 
441,3 3173 2971 2830 2700 ; .. _ 
4911.3 3221 3146 21'i2 2S1i 2751 2765 
490.3 ,   3332 3150 2974 2S21 . 27M 

•Y : ( J )   p.   N/rn ' 
ler;   ''■.'!   Ttn oe.- »tu. 

KEY;      (1j 
manometer; 
c K. 

2        ^ ,   N/m   • lu'   on  a 
2)   iVinperatare 

The   oat-'   obtsineJ  or,   the  r!vi,han:;-ni trogen  binary  mixtures  were 

nroce-jst'd   in   Cüordlnat?--   "•'Xofdr,   viscosity   (n    -r,,,,)   -density   p" 

(Fig.   1,   curves   IT.   am   lii).     V'.e   sarn^   processing  was   conducted   for 

tne   iata of WOTK   [IJ   ■ C'l.->;   : , . 

The  experimental  poj.its   ''.." all   temperaturer   are  arranged wt li 

on  en-  general    • urv^   for ■.very  mixture.     '''he   VJIUGS   of  density   for 

the   gi .v.i  i.it.t-iut!    --i. li . ■!> •-•:•  .-ii/tur'.    ■.■. ic   Laken   j'rom  WOPK   
r_2}. 

FTL-KT-   '--'    6.^-;. 
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Table   3 
for  a mixture : 
H,  +   20.b%  Np. 

8 —^ 
Viscosity   (10       N'S-m-   ) 

21.8%  CH,.   +  57-7^ 
Table   4.     Viscosity   (10 
for a mixture:     18.8?  CH, 
H2  +   31-^  N2. 

N • s • m     ) 
+   49.0? 

r-l*« 

f 2 ) TcMiicpaTypa, "K 

0 
9.807 
9.807 

j    19.00 
I    19.00 
I    /19.iJ.i 
,    49.1)3 
I    98.07 
|    9S.07 

1i8.0 
,   U8.0 
!   190.0 
I   190.0 
:  245.2 

2/iS.2 
i 29i.:' 
1  29-5.2 
1 mi 
: 3'i3.2 
' 302 3 

392.3 
441.3 

; 441.3 
490.3 
490.3 

!üü| 

1201 
120'. 
1264 1 

1300' 
ILMlG 1 
1300 
1309 I 

1 14411 
1453; 
1533! 
1541 ' 

, 1G27 1 

1722: 
- I 
1818' 
1823' 
1910, 

2011 ' 1991 

2110' 2071 
•2100' 2080 

1310 i 
1344 - 

1347 I 
1354 
1381 

1442 

158U' 
1592 , 
IGOGI 
10701 
1748 
175 4 
1830, 

1911: 

1421 
1430 
1125 

1575 
1579 

1403 

1511 

1570 i 
1501 j 
1024 

1701 
1708 I 
1774 I 

1817 1 
i 

1919 

1990 ( 

20G1 ' 

1602 

1033 
im) 
1089 
1081 
1743 

1803 
1794 
1855 

1904 
1915 
1900 
1957 
2021 

2073 

1724 
1726 

1744 

1772 

1811 

1850 
18'iK 
19;)5 

194!) 
1941 
1995 

2032 

208'. 
2091 
2132 

1874 

1881 

1916 

1945 

1984 

2021 

2003 

209'. 

2139 

2175 

2022 
2020 

2027 

2035 

2001 

2092 

2124 

2154 

I 2186 

i 2217 
I _ 

I 2248 
I - 
I 2281 

221? 2311 

KEY:      (1)   p,   N/m^-iO5  on  a    man- 
ometer.      (2)   Temperature,   0K. 

I        • X 

Mil 
(2) TCMneparypa, "K 

273,13   298,15 32?,IS j 373,15 423,15 «73,15   1 

0 
9.807 
9,807 

19 60 
19,60 
49.03 
49.03 
98.07 
UOtUI 

148.0 
148 0 
190.0 
196.0 
245.2 
245.2 
294.2 
294.2 
343.2 
343.2 
392.2 
392.2 
441,3 
4',1.3 
490.3 
490.3 

I 
1408 1501 1588 
1412 — 1593 
_ — 1590 

1428 1514 1005 
— — 1G00 

1400 1551 1633 
1400 
1549 

1652 

1701 
1704 
1872 

1548 
1020 
1025 
1702 
1713 
1800 

1890 

1985  19K5 
- I 1980 

2094 1 2077 
- I 2073 

2193 1 2173 
2175 

2301  2200 

2402 
2409 

2303 
2350 

, 1092 I 

■  I 
I 17G0 : 

- I 
I 1835 ; 
I 18« 1 
, 1920 
! 1925 ■ 
I 2Ü1'8 : 

1 - ; 

I 2085 

2105 
1 2210 
I 2250 
2330 

, 2330 

1750 1 
1700 . 
1764 i 
1709 1 
1764 I 
1794 1 

1841 • 
1H31 
IS93 
1SS8 ' 
1953 

2011 ' 

2084 

2150 

2213 

2276 

2310 

1913 

1922 

1943 

1984 

2021 
20.« 
2075 

2132 
2124 
2180 
2I01 
2233 

23 I'. 
2340 
2392 

2005 
2069 

2C89- 

2I1G 

2150 

2191 

2225 

2203 

2299 

2''3'. 

237'. 

2411 

KEY:      (Dp,   N/m2-10^  en  a 
ometer.      (2)  Temperature,   0K 

man- 

ztoc 

IC-OJ 

soo 

0 273. 
e293 

-  a 298 
&323 
0 373 
01.23 

/ 
/ 

:? y / 
1 

■ 1 

.y^ 

ffsm f/.CHsVJV.H, 

2''P0r 
.-, t 

tSBB 

-Z 800 

lb 00 

/ 

A f ■ 

v«^0 y JJi.r/,f^'U,S%V, 

0.1        0,7        0,3        O*       0,i 

£■'. 

mixture. 
KEY:      (1)   Density,   s/cirr 

m      Mm / Pig. 1.  Dependence of (n  T—n^ 
on density for a CH.-N-  PJ 

f IT 

VD-;;T-."I- 
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As  an example  Figure  2  shows   the  ciependence  of  the  viscosity  of 

the methane-nitrogen  mixture  en   jompusition  at   a   temperature   of  3?'jrK 

rujii  various  pressures.      Lt  should he  noted that   the  graphic processing 

or the  experimental   data  on  the  nepe'idence  of the   viscosity  of methane- 

nit regen mixtures  on   composition and other temperatures   showed a pic- 

ture  analogous   to  that   depicted in  i^'ig.   2.     Here   ths  data cC work   [Ij 

are  arrangea well   - r.    .hr-   -uxwes   or dtr.pe.idenoe  or   composition  at  311 

the  investigated temperatures   .-u:  e-.tceptlon  are   the   data obtained at 

atmospheric  pressure;. 

v-mi Fig. The viscosity cf c   "H,,-N. 

mixture at 3230K and vaido-.is pies- 
sures   - according to the au- 
thors, O - according to work [il. 

c - 
KL-;V :      (1)   Viscosity,   10~'   N'S'm^; 

(..)   mK/M2 

^        W        60       go   %C/»a 

Flgurt    3  depicts   tlve   results  of experimental  measurements   for one 

3C the  ternary  mixture;-;   or methane-hyurogen-nltrogen,     duch  a picture 

is   also  ouservnd   for   tht.-   Sfcond  Investigated mixture. 

mi 

fiafntHur, 'O'lt/M1 

-\   r-'ig.   j.     Ine   viscosity   of  the  mix- 
ture   ia.8X  GH;j  +   ;I9.^  H,  +   31.4« 

N.    aepunding  on  pressure   and  tern- 

pe ■■••it ure 

KEY:      U)   Viscosity,   10"    N'S'm2; 

I .')   t res.sure ,   105  .M/m2. 

(?: 

— -^-n-iüRjwi 



: -V ^EK^WBKWäKSWWWK 

^■?????7vrr?F?f!ir*tv 

f«WffiWWa9WW«n—jn—-.^i-^   

^IPIilfflliPPipil^llllPPII^PpmHnnnH jiBS^PP^PB8giai!BW|B!BPgBllg! 

Figure 4 depicts the processing of the laboratory findings on 

the viscosity of ternary mixtures in the coordinates "excess viscosity- 

density", showing also that for triple (multlcomponent) mixtures there 

ia a uniform dependence of excess viscosity on density at various tem- 

peratures . 

I00J 

600 

I I 
}?IS%CHl.'577%H;*20.5%Nti 

-  J- 230 

Pig. 4.  Dependence of (n ,r-nr,) 

on density for a CH.-Hp-N- mixture, 

KEY:  (1) Density, g/cm3." 

to 

WOO 

600 

200 

1         1         1 
t/ 

A 
^ 
A o273 

0 29B 
0.323 
f «3 

sif** 
&* 

0,OS       0.10 0,15       0.23 
,, x   Pnomtiocmb, Z/CM

3 

The  values  of density   for ternary  mixtures   used  In   this  process- 

ing  were  calculated  according  to  the  Krichevskiy-Kazarnovskiy  equation 
[3.1  with  the   constants  given  in work   [2]. 

CUKCLUSIONS 

The   laboratory   findings,   measured  by   the   capillary  method,   arc 

give-,   for mixtures  with   the  composition:     2y.8%  CH;   +   T~ .1%  !,,, ;   -j^.TJ 

•-;,   -   ^.9?S  N2;   2l.ö%   CH^  +   57.7%  H2  +   20.5%  N^ •   and  16.o%  CU,,  +   UQ.nX 
N 

2 ■H 
2  at   temperatures   from  273  to  173°^   and  pressures   to   k- 

I'he  processing  of  the  experimental   results   showed   the-   unique 

du',.t.-;..ience  of  excess   viscosity   on   lenslty   at   all   temperature3. 
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^^^H^^.u....^-;,;,,,,^-^^ 
^\^M^.*H^,*^^.^t*^^^^^^^^ 



PP*R>ffP9PR> PPWBpSPpPBSSPRSPPPPJf^^ 

BIBLIOGRAPHY 

(Ij 1" o .T y 6 « B   H.   <I>.   BnaKocrb   raj'JB   11   lasonux 
cMeceii. <l>i»wawira,  1959. 

(2) Kp ii <i o B c K n ii   II.    P..   JI e D-i o Ji K o   i.   T. 
/K. <l-n3.  X«vi., T.   15    134!. 

(31 K p ii >■ e B c K ii ii H. P..   K a •> :> p u o B c K K 8 Jl. C. 
?K.  (J)i(3.  Xn.i.. T.   13,   1939. 

(rHMt) 

(G1AP [State Scientific Research and PlannJng 
Institute of the Nitrogen Industry and Products 
of Organic Synthesis]) 

I" D-kT-24-1583-7J 

^—^"■-^■'- ^toBiaaaaaMtaii^^ 


